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Jechnjcaj Fi »"« Invention 

This invention relates to a separation process. 

in particular, this invention relates to a method of separation of a metal component from a 
composite material including that metal. 

Background Art 

Titanium alloys have been widely used in making components for aircraft, medical 
implants and chemical processing machinery and structures. 

Titanium alloys can also be used to replace steel in making automotive components, but 
this application has been severely limited by the cost issues. This high cost is largely a 
result of expensive batch processes that are used to recover titanium from its m.neral 
concentrates, and the technical difficulties associated with melting and alloying titan.um. 

The conventional titanium production process, the Kroil process, involves the reaction of 
TiO, and carbon, in the form of coke, under chlorine gas at temperatures of 800'C to form 
TiCI 4 and carbon monoxide. 

The titanium chloride (TiCU) produced in the reaction exists as a liquid and has to be 
purified by distillation. The liquid is introduced into a furnace holding a magnesium melt at 
680°C to 750°C to facilitate the formation of magnesium chloride (MgCI 2 ) and pure 
titanium. MgCI 2 is a gas. while titanium is a solid sponge. The sponge is purified by 
distillation or leaching using hydrochloric acid. The magnesium chloride can be recycled 
through an electrolysis process. The trtanium sponge that is formed by this process can 
then be further processed to produce commercial purity titanium or titanium alloys by 
vacuum arc melting or other such melting methods. 

If titanium or titanium alloy powder is needed, the titanium or titanium alloys need to be 
heated to a high temperature above (1650'C) to produce titanium/alloy melt. Th.s ,s 
atomized into liquid droplets which in turn solidif ies as powders. 
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The limitations of this process include its complexity and the use of ch.onne and 
magnesium. The process involves several high temperature steps where a h,gh amount 
of energy is needed. This contributes to the high cost of titanium and titanium alloys. The 
use of chlorine makes the process environmentally unfriendly. Magnesium metal .s 
expensive, so the use of magnesium in the process also contributes to the high cost of 
titanium. The resu.t of this process is that the cost of the titanium a..oy powder ,s .n the 
range of US$ 40 per kilogram. 

Unrted States Patent No. 6,264,719 (Zhang et al.) discloses both a titanium alloy based 
dispersion-strengthened composite and a method of manufacture of the same. Th,s patent 
discloses the use of dry high-energy intensive mechanical milling in the process of 
producing titanium based metal matrix composites (MMC). 

MMCs are composites of a tough conventional engineering alloy and a high strength 
second phase materia,, which may be an oxide, nitride, carbide or »™*** 
Dispersion Strengthened (ODS) alloys occur at one end of the spectrum of MMCs. These 
are comport* of a tough engineering alloy and a fine dispersion of an oxide. Typ.cal.y. 
in order to obtain the required dispersion, there must be no more than 10% volume 
fraction of the oxide second phase, which may have a size of 10"s of nm. 

While US 6,264,719 discloses a method of producing titanium based MMCs at a reduced 
cost it does not disclose a method for separating out the unwanted components w,th,n the 
MMC thus adjusting the level of certain components in the composite to more des.rable 
concentration. The ability to use such a process to recover metal components .nc.ud.ng 
metals other than Ti would also be an advantage. 

All references, including any patents or patent applications cited in this specification are 
hereby incorporated by reference. No admission is made that any reference confutes 
prior art. The discussion of the references states what their authors assert, and the 
applicants reserve the right to challenge the accuracy and pertinence of ^ 
documents. It will be clearly understood that, although a number of pnor art pub., ^.ons 
are referred to herein, those references do not constitute an admission that any of these 
documents form part of the common genera, knowledge in the art, in New Zealand or ,n 
any other country. 
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. is acknowledged that the «m 'comphee' may, **> ~*» I"***"* "» - ** d 

an, unless -ted. the - "comprise' she" have an induerve «-*.-• 

ma. It-be taken .0 mean an indueion of no. on* the lieted cemponente « d,redl» 
HI bu ,a,eoonwn.n.sped«componertte*.lemen,s. TNs,asona,e-a» 
TaTwHan the term •comp^ or •comprtsir* * used in Nation ,0 ona or mora 0. the 
steps in a method or process. 

Object of *hB invention 

, „ ,„ objed of «na present invention to addrose problems in the phor art. or at iaas. to 
provide the public with a useful choree. 

Further aspects and advantages of the present invention wi.. become apparent from the 
ensuring description which is given by way of example only. 

SuTnmary_ofthe invention 

According to ona aeped o, the present invent mere la provided a method of aerating 
tCen* aom * Ll based compost the m^hod including the steps of ng 

ZL o. a compcrten, and separaong the increased s*ed component trom the emer 

components of the composite. 

Proferabty the mete, baaed compete I. heated to a temperature o. between about 
1500°C and about 1650°C. 

P,e,erab,y the mt baaed compostte is he* at a temperature of between about 150O-C 
and about 1650-C for a time of between about 0.5 hours and about 10 houra. 

Pref erab,y the component Increae* in s*e to be^aen about ,5 pm and about 100 ^. 

Proton* the metal based composae * a mete, mathx composne mad. up o. a, teas, tero 
components where one is a metal. 
, Pre( arab,y«hemete„»an,um.^umorcopper. Moa, preferably Kla teanium. 
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MM* the metal based composite is . combination of a metallic base and a 
reinforcing non-metallic component. 

Preferably the non-metallic component is a ceramic material. 

5 preferably the metal based compose is a metal-ceramic composite *n.rs the maior 
component makes up greater than about 50% of the composite. 

Preferably the materials or phases that make up ate metal based compos*, Include 
10 met* phases, intern** phases. o*des. nibides. carbides or s„,cates. 

Preferably the metaillc phases, intermetallic phases and oxides Mode W WW 
Z Zo, -no. oe cdtecavely refened to as W). This fern, ahould not be seen 
15 as limiting. 

Preferably the component that increases in size a, the mete, based composite is AW» 

Preferably .he mean panicle afce oftheAW, is inceased b»*e hea, treatment which 
brings about coarsening of the AlsOs particles. 

Prcferably me compose is cashed and/or milted following treatment to decrease the s*e 
of a component In comparison to other components. 

Preferable milling occur* in an inert environment such as under argon or a vacuum. 

Preferably the milling time is llmfted to minimise reductten of the increased sir. of the 
component. 
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Preferably ft. powder is mixed with surfacten, and water to produce a suspension. 

Preferably separaflon of the components I. achieved by sieving, sedanentetion, 
electrophoresis, etectrostatic methods, chemical leaching, or the Irke. 



35 



WO 2004/009857 



5 



PCT7NZ2003/000159 



10 



,n anotoer aspect the invention provides a ttanium rich powder produoed by the prooesa 
described above. 

Preferably the Al 2 0 3 content of the titanium rich powder is less than 30% and more 
preferably less than 15%. 

Preferably the oxygen cxxttent in the t«anium phaa. is leaa than 1.5 atomie percent 
of Al 2 0 3 of less than about 30%. 

Preferably the powder is reacted with a reducing agent to reduce the oxygen content in 
the metal phase to below about 1 .5 atomic percent. 

the powder is reacted with a rare earth metal. 
Drawing 

Fuhheraapectedthepreaertinver^nwillbeoomeapparentfrontthefdlowtng 
drawing in which: 

FigU re 1 The microstrudure of T(AI,OyAI,0 3 composite produced by pressure less 
sintering of the Al/Ti0 2 composKe powder at different temperatures 
(a) 1550 «C for 3 hours and (b) 1650 *C for 4 hours. The bright phase .s 
Ti(AI,0) and the dark phase is Al 2 0 3 . 
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Detailed Desc -'r*'"" " f fha lnvention 

The invent of the preaen, application la broadly directed to the separatton of me*ls 
from composKe material.. While there are Known methods tor achievmg thts, these 
methods suffer from some disadvantages and alternatives are needed. 

For example, me comburfon rearic used ,o produce W» compc* from 
aluminium and the «anium diox* powders, as descnted in US Paten. No. 6.264,719 
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in the formafion of MA P*** and a Wanlum nch metallic or intermetellic 

phase. 

The M» ma,* or intern** phase Is e«her TKAI.O, wn,oh Is a sol* solution of Al 
1^ oxygen in «an,um. or T„A,<0> or ™ ( 0) whi* is e .senium a,um,n,de ,nterme.all,c 
compound containing dissolved oxygen, or a mixture of these phases. 

„ is often a disadvantage ofthe method disotosed in US Paten, No. 6 264.719 u^ttte 
Ime fracaon of ate AW, oomponen, In ate T^AJA -poaHe . ^» 

being greater ,han about 45%. While A. A Is a desired comment of a «**«--- 
rpL.alsoaendesirabte.oreduoe.hevolumefrao.lonofA.Atoalowleveiof.ess 

than about 30% and more preferably 15%. 

By redudng ate volume fracfion ofthe A.A in ate oomposHe. meohanica, properties of 
Z metel-lmio co<npoenes suoh as duc«y and fraoarre toughness oan he rmproved. 

preferab* ,0%. the T W A,A P«der oan then be fcrther raduoed by using c*aum, 

Tp Jing an afientefive route for ^ these high ,aH» tnanium base ntete » 
Tails. «s p^oess oan also be used to separate metals, suoh as copper or yrtnum 
(rom oompos.es fading oxk*s ofmose maals (eg CuA YA) for example. 

Ubasbeen^nd^thenteanpartaes^ofare^Alslnoreasedbyheattreatmen., 
whioh brings about ooarsening of the AIA panKttea. This oan be seen siFrgun, 1 . 

With refenance specifically to fitanium oomp.ai.es and Figure , . by heafir* the ,W£P. 
loo m pos«e.oa.en,pe,a,u re rsngeo,b^eenabou..50OXandabou,.650 c nd 

",dr9a^.amp.ra.u re forase.p e dodo,hm..ran g ^ fr omabou.0.5.oabou..O 
hours the AIA particles are significantly coarsened. The AIA particle size increases .o 
TrZ - PP— ,5 - 100 pm. Temped over 1650'C can also » use as 
« Zad», apparent bu, can b. impraaica, in p,acuce. The top end bottom „ma anil be 
readily discernable on testing. 

The term •pan,* in accordance ate presen, invent should be understood ,o mean 
ZLL embedded pamcte, the, ma*e up a materta, and * a ,enn Known to 
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someone skilled in the art. The shape of a particle within the solid is usually controlled by 
the presence of surrounding matrix and the application of heat to the material will allow 
the particles to coarsen, or grow in size. 

It is an advantage of the present invention that the mean particle size of Al 2 0 3 can be 
increased By coarsening the Al 2 0 3 particles in the composite, the material becomes 
more favourable for the later separation steps. This is contrary to conventional wisdom as 
the coarsening of the embedded particles within a composite is usually undes.rable, as 
coarsened particles can decrease the overall strength of the final product. 

,n order to facilitate the separation of the increased sized Al 2 0 3 from the T^ y (0), the 
composite with the coarsened Al 2 0 3 particles is crushed and milled to produce a 
W)/A. 2 0 3 powder. The majority of the powder particles (greater that 89% in vo ume) 
will be either Ti rich metallic particles or AIA partides. The milling step will preferably be 
adjusted to reduce the sfee of the Ti rich metallic particles while minimising the s.ze 
reduction of the other component (ie Al 2 0 3 ). 

in some embodiments, the milling of the composite is undertaken under an inert 
environment. This could include an inert atmosphere such as argon, or a vacuum. 

In preferred embodiments, the inert atmosphere is argon. 

The milling condition needs to be controlled in such a way that the composite 
microstructure is broken into Al 2 0 3 and TVW powder particles. 

in preferred embodiments the milling «me is limited in order to prevent the milling of the 
A1 2 0 3 (or other undesirable component) beyond the preferred part.cle s.ze. 

The preferred particle size of the Al 2 0 3 is approximately the size of the Al 2 0 3 particles 
produced after grain coarsening. In other words, the milling and crushing processes will 
have a minimal effect on the Al 2 0 3 size. It is a feature of the Al 2 0 3 particle that after 
coarsening in the structure of the particle is often a single crystal. A single crystal mater, . 
,acks or has no microstructure, including grain boundaries. It is a feature of angle crystal 
that the lack of defects increases the overall strength and single crystal AI 2 Q 3 is therefore 
35 hard and resists crushing. The metallic or intermetaliic phase on the other hand is eas.ly 
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milled in comparison the Al 2 0 3 and the average particle size of each component is 
therefore significantly different after milling. 

in some embodiments the separation of the A> 2 0 3 could be undertaken by means of a 
sieving or the like after milling of the metallic-ceramic composite, however, this ,s hsted by 
way of example only and should not be seen to be limiting in any way as the AW, T- nch 
components could also be separated by using for example electrophoresis, e.ectrostat,c 
techniques (as electrosorption) or by chemical leaching methods. 

,n the preferred embodiments the separation of the A. 2 0 3 from other components of the 
crushed TWWOVAbO, P°wder is by sedimentation of the components in a liqu.d. 

To prepare the suspension for sedimentation, the crushed Ti,A> y (0)/A. 2 0 3 powder is milled 
together with a mixture of water (solvent) and surfactant to ensure good coating of each 
powder particle by the water/surfactant molecules, creating a slurry. As an alternative the 
powder can be mixed with the surfactant prior to mixing with the water (or other su.table 
liquid/solvent) to create the slurry. 

in preferred embodiments the water/surfactant mixture has a pH in the range of 4-10 
However, it should be appreciated that this is listed by way of example only and should 
not be seen to be limiting in any way. 

In some embodiments the surfactant is either sodium dodecyl sulphate (SDS) 
(Ci 2 H 25 S0 4 "Na + ) or polyacrylic acid (l -CH 2 CH(C0 2 H)-]n), aithough these are listed by way 
of example only and should not be seen to be limiting in any way. 

in preferred embodiments, the surfactant is sodium dodecyl sulphate (SDS) 
(C 12 H 25 S0 4 -Na + ). 

in other preferred embodiments, the ratio of surfactant to powder is typically 1:10 by 
weight. 

The coa«ng of the surfactant onto the powder particles provktee a number of advantages. 
While the s*s of t. parses rich in diner*, component, of the compose have been 
oiffer^ated by the grain coarsen'^ process and further m«ng processes J ft. were 
simply suspended in water (or a similar solvent), the sedimentation rate would be too h»h 
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,o dmerentiate the sedition timea of the m types of powde, partides The add-on 
o, »,e surfactan. aseisfs suspension of me small partrdes in the liquid for . longer ,me 
and ensures me break up o, me agglomerate and eeparadon of me partes, and thus 
mm, me larger, heavier AW, riot, partdea to fa». as a sediment, weil ahead of me 
smaller Ti»AI»(0) rich particles. 

Once the milted composKe is sufficiency coated, the slurry can then be mixed with a 
quantity of liquid to make a suspension with a preferred powder concentrat.cn. 

,n SO me embodiments, the powder concentration in the suspensicn is 5-20 g/litre. 

I„ preferred embodiments, the powder concentration in the suspension is 10-1 5 g/litre. 

,t should be appreciated that the water in which the powder is suspended could also be a 
Abased slon,a.thoughthese are .isted by of example and should net be seen to 
be limiting. It is, however, preferred that the suspending agent is water. 

Thesuspensioncan then be poured intoaco,mn of ^^^^^m 
and allowed to settle. In preferred embodiments, the settling t,me ranges from 30 m,nutes 

to 4 hours. 

Afte, me sediir* for e penod of time, the suspension, which now math* «-«™Q> 
n chp^r,^kendu«ofmaoo,u m nardmesoiidpowd.r B separa,edfromm ,„.d 

by filtering, centrifuge separata, or other typical liquid/solid .operation methods to 
produce a W» rtch powder. The sediment maim, contains AW, nch powder. 

„ should ha appreciated that while ma sediment contains AW,. * is only rich in this 
component, omer components will be present The milling process wi» produce 
components of differing mean particle .to, ao there will still be aome AW « the 
suspension as well. 

The W) rich powder deduced from me firs, round of column aedimenUbon «M 
contains 20 ^0 volume % MA. To further reduce the volume fracbon of me AW, « the 
powder, the towder can be compacted sintered and coarsen* to produce a 
WV«A oompd* again and crushing, we, m»»ng. mixing with a ^ and ooiumn 
sedimentation cycle can be repeated. 
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toe yoiume fracfon of AW. to a tori typically in the range of f 0-20 A. 

„ shodd also ba appredatod that tha AW, in tha W rich powder ma, alao ba 

rSTl* h-ir fhasa ara iiriad by wa, o, examp* oniy and shouH no, ba aaan ,o ba 
limiting. 

,„ another embedment of fha praaan, invasion. TW» rich powder which has a vriume 
Z onof MA prafarabf, ieaa than about 15% can be furthar reduced by maang w* 
"I cTnZdde or Car reductonto and heatod to «ato tha reacuon b«w«n 
TZ, and ma raducton, to consume tha ma W of the AW,, and b«ween T,^,0, 
and ft. raductan, to raduca th. dissohed oxygen content in ft. T W» phaaa. 

For inalanca aa by product Chase reactors, toe eridum oxid. phaaa can ba leached 
^ CI a rids auoh aa torn* arid, ace«c add o, ana „Ke. however, toese areby 
lyofeLpleoniyandehouidno.beseentobei-n,. tntoiswa, aT,-M*yor 
rjl, compounds canning toss toan , .5 atomic percen, a, dissobed oxygen can be 
produced. 

, is an advantoge to be aria <o produce a rianium baaed riloya or 
compounds - an oxygen canton, beiow , .5 atomic *, aa diasrived oxygen has a 
JL* e«ed on ft. mechanfcri Pontes a, ft» matohais. and thus raducea toerr 
values accordingly. 

AM**, me 1WMP) nch powder contoinir, (ass man ,0 yriuma percent , MA « 
t. further mixed wi,h some rare earth meWs such as ydrium and cenum and amtered to 
"r,La*no fm arar.eanhm.to^mAW I andT^(0,,ofon,co m po. te s 

daung W * a fowdissdved oxygen canton, (iesstoan 1.5 a,om,c percent) and 

particles of rare earth oxides. 

TMaddtori^^mrialstomeWOldri.po^r^m.p^no.W 
le tUsad matorta* wito certrin desirabi. features depending upon toe rare eadh 
metal added. 
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The term Tare earth metal" is a term Known to someone skiiled in the art and refers to 
metals that appear in the lanthanide series of the periodic table of elements. 

Whi.e the starting materials required to produce the tlna. W» rich compost, being 
TO, powder, A. powder and other meta. or meta. oxide powders, should have punty leve.s 
of at least 98 5% to ensure the purity of the titanium alloys produced, it should be 
appreciated that in some cases, starting materials of lower purity, such as titaniferous 
smelter slag can be used. This slag typically contains 33 percent titanium ox,des on a 
molar basis. 

It should be appreciated that a lower purity starting materia, may compromise the quality 
of the titanium based ailoys or composites that are formed. When less pure startmg 
materia, is used, the process may need to be modified to accommodate the lower punty 
starting materials. 

,, h an advantage of fire present invenfion that TUMP) of high punty wKh limited and 
controllable amounts of MA P—ntcan be produoed by a relative* low roost 
environmentally friendly, method of manufacture. The process alao adaptable to 
separation of other meals as rcfemtd to earlier. Using the milting and the separabon 
process as desoribed. experiments with copper otade and aluminium, and yfirtum oxrte 
and aluminium have shown the applleabBy of these methods to separate ofiw metal 
based composites, too. An optical analysis of the separabon results in these cases 
confirmed a particle size dHferentiation btfwean the components. Thus the baa,o 
plptes ol process as sp^oatty desoribed for titanium also apply to separabon of 
these metals for example. 

„ is atso an advantage of the present inventor that the separabon technk,ue does no. 
utilise any environmentally reeled materials such as chlorine and the like. 

„ is atso an added advanteg. of the present inventor M the cos. of high purtty TUA, is 
significantly reduced in comparison wfih current existing production costeforT„AI. 

The term •oomponenr in acoondanoe with the present invention should I™**" 10 
mean a phase fit* makes up part o. a metet-based composfie. While « should be 
appraciated Ota. mem is a. leas, two oomponente in a metel baaed compete, .here s 
meoreficalty no limit .0 the number of oomponente that make up mete, baaed compos*. 
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Examples 

Th. steps detailed below utilise as a starting material, the AlfTiO, oomposHe powder 

method - — - *— " P ** ^ 6 ' 2M ' 719 ' ds 
:Tset method o. produdng h„h purtt, VH m « ™, — — * 
with Al 2 0 3 in low and controlled concentrations. 

of the titanium alloys produced have the desired qualrty. 
Sfe al: action sinteri ng of the JUA^O)/^^ 

The ^iC 2 compose powder produced using the method disclosed in patent 
6 264 719 is pressed into a compact. The mole ratio between Al and T.0 2 can be 
controlled according to one of the following nominal expresses: 

4/3AI+Ti0 2 -->Ti + 2/3AI 2 0 3 < 1 > 
5/3 Al + Ti0 2 -» 1/3 T13AI + 2/3 Al 2 0 3 ( 2 ) 
7/3A! + Ti0 2 ->TiAI+2/3AI 2 0 3 < 3 > 

x, . mnac t is heated to a temperature sufficiently high to ignite the composite reaction 

and oombustion reaCion also causes sint^ng o, the powder <^ * bu,K 
TWOXWJ. composite. The temperature required tor IgnMn is 700 C. 

A^vety^A^-P^po^^^^""^^^ 7 ^ 
«o allow the IgniBoo of the combusuon reaction between Al and Tft forming 
Ti»Aly(0)/AI 2 0 3 composite powder. 

The P— * ™° 3 ^ 8inttred '* 3 

bulk TWVAJiO, by holding the oompaot at 1550-C for two hours. 
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lined, as shown in F*ure,. The s^of.heA,AP*ruc* should be ,n, he range 
of 15 - 100 um. The heating rate is 5°C/minute. 

,t shouid be appreciated that sometimes it might be advantageous to combine step 1 and 
step 2. 




Crush and mill .he W» composite «* «*"*™ d ""—««*» "7 3 
m echan,ca, mil, under a*on or other men atmosphere indudin, a vacuum. The -W 
le ahouid he about 20 minutes. The milling condfcn needs be controiled m such a 
" 21 compose micros * broKen into discrete MA and W 

Lid be prevented. The size o«h, powder parMes is in .he range of 0*1 00 ^m. The 
po ^erccln,4 M 0%ofA ll O 1 depending on rn.miO.mole ratio inlheslamng 

powder. 

Stefi * ^HHition of r surfjctant to the oowrtor and production of the slurr 

The WW** Powder produced from step 3 is further mixed with water and 
surfactant at a ratio of 1 g of powder to 10 ml of water and 0. 1 g of surfactant ,n a 
mechanical mill. The surfactant is sodium dodecy. sulphate. The rn.ll.ng tone ,s 
Tminutes, or sufficiently long to coat the powder partic.es surface v,th water and the 
surfactant molecules. At the end of this step a slurry is produced. 

ntrp 1- «?rr" a *'" n ftf the slurrv 

The sluny from step 4 is mbred wnh a large quantity of water lo make a suspension with a 

pll^ncentrason o, approximate,, 1.** The susper*, ^-poured,n»a 

column with a hefch. of 5 m. After a »me of one hour. «he suspension 

ft.** using atypical soiid-^id separa*n me»*d such asfihenng 

sepaLn. Tha powder educed is called 81 powder. In the meanhme. sa*ment a. the 
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^ 50-70* of ft. tofa, starting ^ X L a part* sto 
particle .to typically In the range of 0.5-10 gm, whjle the bz pow 
typically In the range of 5-100 pm. 

tfdcrs 



B1 powder » compacted by using mechanical press and *. * 1 

.Ip^fopfo^^^^ 

process. B1 to B4 powders ere ell vsluable In their own right 

Step, 1 to 5 may he repeal more than once to produce B5 and 86 or further refined 

powders. 

Baton 



or magnetic separation. 



content In th « titanium 



§t£B 7; Addjtior 
rich aowder 

r~j=-r:~~rr: 
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Step 7a: Addition of Y and Ce to the titanium rich powder 



Alternatively, once the volume fraction of the Al 2 0 3 in the TixAl y (0) rich powder is below 
10%, the powder will be mixed with rare earth metals such as yttrium(Y) and cerium(Ce) 
to react with Al 2 0 3 and Ti*Aly(0) to form composites consisting of Ti*Al y with a low 
dissolved oxygen content (<1at%) and the particles of rare earth metals. 

Times of processing methods (based on upscaling the basic research work) were as 
follows: 

1 High energy mechanical milling (Discus Mill) time was 2 hours.for 250 g of Al/Ti0 2 . 

2 Heat-treatment timing was 3 hours at high temperature such as 1500-1 600°C for 
the pressed milled product powder. After this heat treatment the intermediate 
product powder will be Ti3AI(0)/AI 2 0 3 with high volume fraction of Al 2 0 3 . 

3 Crushing of the pellets time was 10 min (in discus milling machine). 

4 Wet milling the Ti3AI(0)/AI 2 0 3 with high volume fraction of Al 2 0 3 for 30 minutes in 
order to disaggregate the TiaAKO), and Al 2 0 3 particles and prevent them from 
reaggregating again 

5 The wet milled powder is placed in a large scale sedimentation column for 2 hours 
as settling time. After that decant the top fraction of the sedimentation column 
containing the T\zM(0)/A\ 2 O z with low volume fraction of Al 2 0 3 . The amount of this 
material is about 50% of the total powder in the first stage. 

6 Metal hydride reduction 4 hours at high temperature of the Ti3AI(0)/AI 2 0 3 with low 
volume fraction of Al 2 0 3 in order to achieve different kinds of titanium alloys. We 
can control this chemical processing to achieve either TiaAI/TiAl or TiAI/TiaAl or any 
other titanium alloys depending on the starting constituents. 

7 Washing 4 hours in order to get rid of the by product materials. 

This separation technique we have developed is a unique technique tool to separate 
different material particles, which have some particle agglomeration barrier. It does not 
matter whether they are of close or different densities. With different densities wet milling 
will help to disaggregate the particles then separate the particles within the slurry using 
sedimentation column. When there is little difference in the densities, heat treatment will 
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coarsen the particles, then by crushing we can achieve particle differentiation between 
different phases particles. This was what happened between Ti3AI(0) f and Al 2 0 3 
particles. 

To produce 1 kg of pure titanium alloy we need 3.3 Kg of the Ti3AI(0)/AI 2 0 3 with high 
volume fraction of Al 2 0 3 (which is the product of the heat treatment of the A\fT\0 2 ) in this 
case we can say we need 2.24 kg of Ti0 2 and 1 .06 kg of Al powder to mill then followed 
by heat treatment. 

The final TiAI/Ti3AI product is a titanium aluminium alloy with little or no Al 2 0 3 phase. 
Different analysis techniques, such as X-ray diffractometry, SEM (Scanning electron 
microscopy), EDX analysis and X-ray mapping confirm this. Powder combustion analysis 
using Leco equipments confirm that this titanium alloy also has a low oxygen content 
(down to about 0.8 wt%). 

While in the foregoing description there has been made reference to specific components 
or integers of the invention having known equivalents then such equivalents are herein 
incorporated as if individually set forth. 

Although this invention has been described by way of example only and with reference to 
possible embodiments thereof it is to be understood that modifications or improvements 
may be made without departing from the scope or spirit of the invention, as defined in the 
appended claims. 



